In India, Thakur et al. (2004) have reported substantially high input of airborne trace metals at Madhya Pradesh. Similar observation has shown by Sharma et al. (2007) in Varanasi, that atmospheric deposition of heavy metals are significantly higher and it is clearly defined that the urban and industrial activities of the city, have potential to elevate the levels of heavy metals in the atmospheric deposits, which may consequently contaminate the soil, air and water and thus posing health risk to the local population.
MATERIAL AND METHOD
The present study was conducted in the urban and suburban areas of Varanasi, which is located (lat 25° 18'N, long 83° 01'E and alt 76.19m) in eastern Gangetic plains of India. The climate of the city is dry tropical with three distinct seasons i.e. summer, winter and rainy. The summer season (March-June) in Varanasi is usually dry, associated with strong hot winds, high temperature during the day ranging between 30-45°C, relative humidity 25-45% and infrequent pre-monsoon rain. Rainy season starts end of June and continues till mid October. During rainy season, the temperature varies from 24-36°C and relative humidity from 70-95%. Winter season starts in November and continues till February, temperature ranges between 10-25°C; relative humidity varies between 40-79%.
Varanasi city is one of the most densely populated cities of India having many small scale industries, compact residential areas and congested narrow roads. A large number of small scale industries such as fabric, printing and dyeing etc. and various manufacturing industries including iron gates, table fans, bicycle tires and heavy agricultural equipments are dispersed in west and north-west of the city centre. The numbers of vehicles plying in the city are more than 1, 00,000.
Sampling sites
The present study was carried out from November 2006 to October 2007 in urban and suburban areas of Varanasi. 12 different sampling sites based on heavy traffic, residential, commercial and sub-urban areas were selected. Sampling was carried out simultaneously at all the 12 sites for one year period with deposition dust collector having 6.8 to 7.8 cm diameter of mouth area. The deposition dust collectors were placed at the height of about 3-5 m from the earth surface at selected sites. After the collection of dust, measured the dust fall rate-Dust fall rate = Weight of dust / mouth area of dust collector
The sampling zone location and their details are given in table-1. 
Analytical method
After collection of samples from each sites the atmospheric dust were analysed by tri acid (69% high purity HNO 3 , 70% HClO 4 and 98% H 2 SO 4 ; 5: 3: 3) digestion method. Tri-acid mixture (15 ml) were added to the beaker containing 1 g atmospheric dust and heated at 80 0 C till the solution become transparent (Allen et al. 1986 ). The resulting solution was cooled and filtered through Whatman no. 42 filter paper. The filtered solution was finally maintained to 50 ml using deionized water and kept at room temperature for further analysis of heavy metals. Determination of the elemental composition of the filtrate was achieved by Atomic Absorption Spectrophotometer (Model 2830 Perkin-Elmer, Inc., Norwalk, CT, USA). The instrument was calibrated using manually prepared standard solution of respective heavy metals. Acetylene gas was used as the fuel and air as the support. An oxidizing flame was used in all cases.
Statistical analysis
Mean values are supported with SE and range to justify the variability. All statistical analyses were performed using the Microsoft SPSS (version-10) and all graphs were plotted through sigma plot -8.0.
RESULTS AND DISCUSSION
The annual dust deposition rates at 12 selected sampling locations in urban and sub-urban areas of Varanasi. (Fig. 1) showed seasonal variations of dust deposition rate which presented in mean ± 1SE (n=3). The seasonal variations of dust deposition rate are higher during the summer and winter seasons as compared to rainy season. Wong et al. (2003) (Bhowmik,et al.,2000) .
Deposition of heavy metal
The results showed that, deposition of Cd, Cr, Cu, Mn, Ni and Zn were significantly higher during summer and winter season as compared to rainy season. In summer, atmospheric deposition rates of Cd (g ha -1 yr -1 ) ranged from a minimum of 0.216 at Mhj to a maximum of 0.580 at Ltr, in winter season, Cd deposition rate ranged, from a minimum of 0.238 at Mhj to maximum of 0.290 g ha -1 yr -1 Ctt. In rainy season deposition of Cd was lowest at Umh which was 0.059 and highest at Ltr, 0.290 g ha , which is 0.356 × 10 -4 % of the total annual dust-fall of Varanasi. The concentration of Ni in dust-fall was found highest at Ltr 0.502 ± 0.002, which ranges between 0.500-0.505 mg kg -1 and the lowest concentration was found at Lnk 0.176 ± 0.001, which ranges between 0.175-0.177 mg kg -1 . Ni in the atmosphere originates from the combustion of fossil fuel, smelting, crustal sources and volcano. It is also found that combustion of oil and incineration of waste contributes more than 70 % of total Ni to the atmosphere from man-made sources followed by refining process with 17 % (IPCS, 1991b) . Continuous and prolonged exposure to Ni can produce dermatitis and disorders in the respiratory system and it is also a possible carcinogen. . On an average the Pb deposition was found to be 2.883 g ha -1 yr (Mielke, 1991 . On an average the deposition of Cr in city was found to 2.964 g ha Cr originates from combustion of fossil fuel and industrial activities. Long exposure of Cr to workers and neighbors of industries can cause irritation of respiratory system; perforation of nasal passage and lung cancer, chronic exposure may also lead to liver and kidney damages.
In summer, highest deposition rate of Zn was found at Ltr, which was 36.980 g ha , and lowest concentration was found at Lnk 1.23 ± 0.031 which ranges between 1.179-1.288 mg kg -1 .
The deposition rate of Ni, Pb, Mn and Cr were significantly higher during summer and winter season as compared to rainy Cd, Cu and Zn deposition rate was significantly higher in winter and summer as to rainy season. Depositions of all heavy metals were lowest in rainy season. The results of seasonal variations in heavy metal deposition rates showed that frequent rain fall during rainy season removed the particulates containing heavy metals from the atmosphere that resulted into least deposition rates of all ascribed the season for the lowest deposition rate in rainy season to washout effects of frequent rain fall events. During late summer season, when rain fall star ts, fine particulates attached to rain droplets can also gather contaminants from wider area and from greater heights than sampling locations (Sweet et al., 1998; Wong et al., 2003) . These factors could lead to an increase in atmospheric deposition heavy metals in summer.
CONCLUSION
The present study showed that atmospheric deposition rate of metals and dust load in urban areas of varanasi were significantly elevated reflecting strong anthropogenic inputs through urban, vehicular and industrial activities. In urban areas of the city normally dust deposition and metal deposition (Mn, Cr, Pb, Ni, Zn, Cu and Cd) are higher in compression to sub-urban areas. The elemental composition of deposit dust shows highest level for Mn and lowest for Cd. The seasonal variation had shown that deposition of dust and mostly metals significantly higher in summer and lowest during rainy.
